Introduction
The biological and chemical characteristics of feedyard pen surfaces have the potential to affect environmental conditions with respect to air and water quality. Little is known about feedyard pen surface chemistry and biology especially that of the underlying microbial community structure and their associated enzymatic activities. Mielke et al., (1974) described the physical profile of the feedlot as three layers; an organic surface, the interface, and the underlying soil. Driving forces in the development of these layers are the constant input of nutrients and organic matter as feces and urine and the physical compression of the layers due to hoof action of cattle. Microorganisms present in manure may potentially represent a constant input of microbial biomass. Feedyard pen management (frequency of pen scraping to remove manure, manure pile management) and history (age of feedyard) can thus influence the physical profile (layering action) over time. This in turn affects various physical and chemical properties of these layers. Manure and urine are high in Na and K that can alter surface chemistry of clay particles. Trampling of cattle leads to compaction of these layers that affects bulk density and water permeability (Mielke and Mazaurak, 1976) . Changes in bulk density and water permeability may affect O 2 content and affect the distribution of aerobic, microaerophilic, and anoxic zones or microscale sites that may contain a mixture of these physical properties. Miller and Berry, (2005) investigated the influence of various manure-soil mixtures (three manure levels) under different moisture contents (six levels) to evaluate there effects on emission of ammonia and greenhouse gases, odors, and generation of dust. The soil-manure-moisture matrix was shown to generate three microbial metabolisms; inactive, aerobic, and fermentative. Soil compaction reduces net mineralization of N and also affects microbial biomass due to alterations in soil pore size (Breland and Hansen, 1996) . From the work of Ouwerkerk and Klieve, (2001) on beef cattle feedlot manure in Southern Queensland, it would appear that species of Lactobacillus, Clostridium, and Bacillus were commonly found in feedlot pad manure. As manure is deposited and accumulates, decomposition of manure is initiated due to physical factors and microbial metabolism. Manure organic matter also serves as a food source for microorganisms and microbial activity that in turn produces various byproducts such as organic gels and polysaccharides which can plug soil pores thus further reducing water permeability (Mielke et al., 1974) .
Recently, Mason (2004) systematically investigated the physical and chemical properties of several beef cattle CAFO feedyard pen surfaces. The feedlot profile can be described as four layers: the unconsolidated (or loose), dry-pack, wet-pack, and soil layer. These layers were characterized with respect to: dry matter, pH, electrical conductivity, nitrate-N, ammonium-N, and total N and C over a four season interval (Mason, 2004) . A significant number of interactions were observed between these feedlot layers and environmental parameters (e.g. season). Mason (2004) observed that NO 3 -N concentration was greater in the soil layer than in the manure layers whereas NH 4 -N concentration was greatest in the wet-pack layer. The EC was greatest in the manure layers and lowest in the soil layer whereas pH was similar throughout, ranging from 7.7 to 8.3. Total C and N concentration decreased as depth increased and the C/N ratio was highest in the loose surface layer. Lastly, the percent dry matter decreased with depth among manure layers and increased in the soil layer. A net effect is that an established beef cattle feedyard with altered chemical, physical and microbial properties can significantly influence the N cycle and affect the distribution of N in its various forms. This in turn may influence the distribution of microorganisms intimately involved in the cycling of N such as the ammonia-oxidizing bacteria (AOB) found within the β subclass of the Proteobacteria and the nitrite-oxidizing bacteria (NOB) found in the Alphaproteobacteria division (Kowalchuk and Stephen, 2001) .
In this study, we characterized the microbial communities associated with these four feedlot pen surface layers. The denaturing gradient gel electrophoresis -polymerase chain reaction (DGGE-PCR) method, employing DNA primers that target the ribosomal DNA (rDNA) genes of prokaryotes (16S rDNA) and eukaryotes (fungal 18S rDNA) was used to analyze community DNA samples isolated from the feedlot layers. Fungal diversity was assessed using broad range fungal specific primers (FR1GC-FF390) which are capable of detecting fungi occurring within all major fungal orders. The collection of prokaryotic primers chosen for this study targeted a wide range of bacterial communities due to the phylogenetic coverage of the 16S primer sequences (Table 1 ). This in turn revealed the degree to which the bacterial community has been influenced by the feedlot pen surface layers of these large well established long-term beef cattle feedlots. We describe significant changes in microbial community structure and diversity that is associated with the various feedlot pen surface layers. To our knowledge this is the first study to report on the influence of feedlot surface layer effects on microbial community structure.
MATERIALS AND METHODS

Feedlot Pen Surface Sampling
Five samples per feedlot layer per feedyard B pen B1 samples per season were taken and composited (two grams per sample) and mixed for 10 min to minimize sample variation within the pen surface prior to extraction of community DNA. During the field collection of samples, samples were immediately segregated and stored in individual plastic bags in order to minimize the cross contamination of materials between the feedlot layers. Two sets of cattle overlapped this time interval -however their management regime was identical with respect to diet, sex and implant history.
DNA Extraction
DNA was extracted using the UltraClean Soil DNA Isolation Kit (MoBio Laboratories, Inc., Carlsbad, CA 1 ) according to the manufacturer's protocol. DNA was quantified using agarose gel electrophoresis.
General Prokaryotic PCR PCR amplifications of the V3 region of the 16S rRNA genes using the primer set F341GC2 and R518 (Table 1) were carried out in a 50 µL reaction mixture according to the method of Muyzer et al., (1993) . PCR amplifications of the V7 region of the 16S rRNA genes using the primer set 1092F and 1392R were carried out in a 50 µL reaction mixture (25 ng of sample DNA) according to the method of (Sun et al., 2004) .
AOB PCR
PCR amplifications of the 16S rRNA genes of the Betaproteobacteria ammonia-oxidizing bacteria using the primer set CTO189F-GC and CTO654R were carried out in a 50 µL reaction mixture according to Kowalchuk et al., (1997) . A nested PCR was also carried out with these products using F341GC2 and 518R (Rowan et al., 2003) .
NOB PCR
PCR amplifications of the 16S rRNA genes of the nitrite-oxidizing bacteria using the primer set F27 and Nbac-R1050 were carried out in a 50 µL reaction mixture according to the method of Freitag et al., (2005) . One microliter from the PCR was used as template in a 100uL nested reaction with F341GC2 and R518, which was concentrated into 30uL using the MinElute PCR purification kit to load for DGGE analysis.
Eukaryotic PCR
PCR amplifications of the 18S rRNA genes were carried out in a 50 µL reaction mixture using 20 pmol each of primer FF390 (CGATAACGAACGAGACCT) and primer FR1-GC (AICCATTCAATCGGTAIT) according to Kowalchuk and Smit, (2004) . .
DGGE analysis
DGGE analysis was performed using the DCode System (BioRad, Hercules, CA). Profiles of amplified 16S rRNA sequences were produced on 6.5% polyacrylamide gels with a 30-60% denaturing gradient (100% denaturant was 7 M urea and 40% [vol/vol] deionized formamide). Approximately 1.0-1.5 µg of DNA was loaded into the wells. The Low Molecular Weight DNA Ladder (Bioline, Randolph, MA) was used as a standard in combination with an amplicon generated from E. coli K12 DNA with the primer set F341GC2-518R. Gels were run for 16 h at 50V at 60°C. DNA fragments were stained for 30 min using SYBR Green I.
Image and data analysis
Digital images of the gels were obtained using a Kodak Image Station 4000MM (Eastman Kodak Company, New Haven, CT). All digital images were processed using various algorithms within the Bionumerics v.4 software package (Applied Maths, Austin, TX). Processed images yielded normalized DNA fingerprints (based on reference DNAs) thus allowing for inter-gel comparison of various community DNA samples. For each fingerprint type a whole-pattern (both the number of bands and the height of the bands) analysis was completed with the Pearson coefficient (creating a Pearson product-moment correlation). Cluster analysis on DNA fingerprint patterns was conducted using the unweighted pairedgroup method using mathematical averages (UPGMA) to generate a dendrogram (significant clusters were determined based on a cluster cutoff function -Point-bisectional correlation) using the Pearson coefficient. This value was used for the computation of the Evenness E (i.e., the distribution of band heights) and Simpson D (i.e., the number of band classes, and evenness the distribution of the height of bands) diversity indices. Both scales range from zero to one with the higher number indicating a higher sample diversity or greater evenness within the samples. Individual DNA fingerprints were analyzed using both indices and the data was analyzed using statistical programs within the software package Statistix v.8 (significance was defined at p<=0.05). An overall correct rate of classification analysis was performed on the assigned groups using bootstrap analysis using the Jackknife method with ties assigned to their own group. Band matching function and group assignment based on feedlot layers were conducted prior to performing principal components analysis (PCA) or principal components analysis -discriminant analysis (PCA-DA).
RESULTS
DGGE-PCR Analysis of Amplified 16S rDNA
UPGMA cluster analysis of DNA fingerprints derived from 16S rDNA primer sets F341GC2_518R (Figure 1 ) reveal complex DNA banding patterns with an observed overall similarity of 21.7%. In the dendrogram, three main DNA similarity groups were determined (based on the number of clusters identified with greater than 40 % similarity). The wet-pack layer was the most homogeneous significant group (74.6% similar) and showed the least microbial diversity based on Simpson (F=2.75, p=0.0890) and equitability (F=3.90, p=0.0372) ( Table 2 ). Bacterial community diversity was highest in the loose and soil layers followed by dry-pack layer. The soil layer samples grouped together as two significant clusters (fall and winter -51.5 %; spring and summer -62.1 % similarity) within a non-significant cluster (42.7 % similarity). The loose and dry-pack samples were distributed as sub-clusters within another cluster (60.8 -86.2 % similarity). Group separation analysis based upon user defined groups (i.e., four groups representing the feedlot-layers; soil, dry-pack, wet-pack, and loose) indicate an overall correct rate of classification of the feedlot layer groups of 87.50% based on analysis using the primer set 341F-GC_518R. Wet-pack, dry-pack, and soil layers were correctly classified 100% of the time while the loose layer was correctly classified 50% of the time.
Pearson correlation [0.0%-100.0%] The influence of feedlot layers were clearly discernable in the UPGMA derived dendrogram, however it is difficult to clearly visualize the interactions of these variables on bacterial community structure using only this type of analysis. We utilized PCA to more clearly describe or visualize the feedlot pen surface layer effect on bacterial community structure. Principle components analysis of F341GC2-518R generated DNA fingerprints indicates a distinct affect of the feedlot layers on the general bacterial community (Figure 2 ). Soil and wet-pack layers form two distinct groups with each occupying locations in different quadrants while the dry-pack and loose layers form two closely spaced groups placed primarily within the top right quadrant. Principle components analysis with discriminant analysis of community DNA samples assayed with primer set 1092F-1392R place the dry-pack and soil layers into two distinct groups in different quadrants while the wet-pack and loose layers are intermingled (Figure 3 ).Group separation analysis gave an overall correct rate of classification of 62.5% for the feedlot layer groups for primer set 1092F-1392R. The drypack was the only group correctly classified 100% of the time, while the rates of classification for the wetpack and soil layers were 75%. It was not possible to correctly classify the loose layer (rate of classification 0% of the time). Dry-pack layer was the most diverse microbial community (Simpson) and also the most evenly (evenness E) distributed with wet-pack being the least diverse (Table 2 ). 
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AOB response -CTO189F-GC CTO654R nested PCR analysis
PCA -DA analysis of community DNA samples assayed with nested primer set CTO189F-654R -F341GC2-518R, placed the soil and loose layers into two distinct groups, whereas the wet-and dry-pack layers overlapped in a disperse grouping (Figure 4) . The dry-pack layer had the most diverse microbial community based on the Simpson index of diversity and the loose layer showed the highest population equitability (Table 2 ). Group separation analysis gave an overall correct rate of classification of 43.75% for the feedlot layer groups assayed by the nested primer set CTO189F-654R -F341GC2-518R. The dry-pack layer was the only group correctly classified 100% of the time while the rates of correct classification of the other layers 0% for the wet-pack and loose, and 75% for the soil layer. 
NOB response -27F-1050R analysis
PCA -DA analysis of community DNA samples assayed with primer set 27F-1050R placed the drypack and wet-pack layers into two distinct groups whereas the soil and loose layers overlapped in a disperse grouping ( Figure 5 ). The soil layer had the most diverse microbial community based on Simpson index of diversity with the loose layer showing the highest evenness E (Table 2 ). Group separation analysis gave an overall correct rate of classification of 62.50% for the feedlot layer groups for primer set 27F-1050R. The dry-pack was the only group correctly classified 100% of the time, while the rates of classification of the other layers were 50% for wet-pack, 75% for loose, and 25% for soil. 
Fungal community analysis -FR1GC-FF390
PCA -DA analysis of community DNA samples assayed with the fungal primer set FR1-GC-FF390 placed the dry-pack and soil layers into two distinct groups with the wet-pack layer adjacent to the dry-pack layer. The loose layer is interspersed with the wet-pack layer (Figure 6 ). The wet-pack layer was the least diverse of all the layers (F= 3.66, p=0.0441) and the least evenly distributed microbial community (F= 3.93, p=0.0364) . Group separation analysis gave an overall correct rate of classification of the feedlot pen surface layers at 81.25%. The wet-pack was correctly classified 100% of the time whereas the correct rate of classification of all the other layers was 75%. 
DISCUSSION
Prokaryotic and fungal microbial community structure was strongly influenced by the four feedlot pen surface layers. Overall bacterial community structure varied greatly with respect to the primer set used to investigate the chemical and physical effect of the feedlot pen surface layers on bacterial community structure. Bacterial communities had overall similarity scores that ranged from 0.3% to 41.1% whereas the fungal communities overall similarity was 8.1%. The influence and interaction of the feedlot pen surface layers on microbial community structure and diversity can be observed in the way the different feedlotlayers are associated when assessed on the basis of similarity or on the basis of discriminant band classes. Additionally differential influences of the feedlot pen surface layers were observed based on the molecular assay (PCR primer sets that target distinct bacterial groups) used to investigate the feedlot layers. For bacterial communities, significant clusters were observed that involved the different grouping patterns of feedlot-layers based on the phylogenetic target. Bacterial community structure and diversity of the feedlot layers, when assessed by similarity measurements at a broad scale (F341GC2-518R), indicated that the wetpack layer is the least diverse and most the homogeneously distributed with the soil layer showed a weaker association among the clusters. Using the same data set, PCA was able to associate both the wet-pack and soil layers into distinct groups. However, when evaluated based on similarity at a narrower range (1092F-1392R), bacterial community structure was most influenced by the wet-pack and dry-pack layers. In contrast PCA-DA on this data set indicated a stronger influence of the dry-pack and soil layers on bacterial community structure. In this assessment the dry-pack layer showed the highest community diversity and evenness. These assessments were made with fairly high but different overall correct rates of classification of the various feedlot layers (87.50% for the broad scale and 62.50% for the narrow scale).
A nested DGGE-PCR method was used to dissect the influence of the feedlot pen surface layers on known groups of microorganisms involved in the cycling of N in the environment. The N cycle is complex involving a number of pathways that connect and interconvert the major pools of N observed in the environment. In this study we specifically addressed those microorganisms that are involved in nitrification. Two groups of microorganisms are involved in the conversion of ammonia to nitrate. These are the AOB which oxidize ammonia to nitrite and the NOB which oxidize nitrite to nitrate. Ammonia-oxidizing bacterial community structure within the four feedlot layers was evaluated using primers that target members of the Betaproteobacteria. Investigations of different environmental matrices (water and soil, nutrient-poor and enriched) indicate that Nitrosospira-like AOB are nearly ubiquitous (Bothe et al., 2000) . It is now thought that with respect to AOB community structure Nitrosospira are now the dominate nitrifiers in nearly all environments (Bothe et al., 2000; Hollibaugh et al., 2002) . However Nitrosomonas still plays a significant role in nitrification (Stehr, et al., 1995) . Our use of AOB specific primers revealed interesting influences of the feedlot pen surface layers on the AOB community structure. We saw clear differences in the influence of the feedlot pen surface layers on the AOB community structure and richness. The dry-pack was significantly more diverse (Simpson) than the other pen surface layers and showed little change with respect to evenness E (as assessed by CTO189F-654R). In addition the association of these AOB communities with the feedlot pen surface layers was different with both the similarity assessment and the PCA-DA assessment.
It is likely then that different lineages of Nitrosospira and Nitrosomonas are associated with these feedlot layers. Significant differences in community structure between free-living and attached AOB have been found in marine samples (Phillips et al., 1999) . It is known that different lineages of AOB are associated with planktonic samples (Nitrosospira cluster 1) and those that are particleassociated are from (Nitrosospira cluster 7). It is also known that some, if not the majority of AOB tend to adhere to surfaces (Prosser, 1989) . AOB produce extracellular polymers that aid in the formation of aggregates, attach to soil sediments, suspended particles in water, or surfaces of vessels (Stehr, et al., 1995) . Exopolymers may help recovery after desiccation stress in soil (Allison and Prosser, 1991) , survival in starvation conditions (Abeliovich, 1987; Diab and Shilo, 1988) , or facilitate nitrification at low pH (Allison and Prosser, 1993) . The traits listed above would all contribute to survival strategies that would allow for the establishment of distinct lineages of AOB within these feedlot pen surface layers that possess distinct chemical and physical properties. These distinct communities of AOB may then be responsible for the different inorganic forms of N that were found in feedlot layers (Mason, 2004) and may also contribute to amounts of NH 3 being emitted.
The NOB community is the associated bacterial community required to finish the conversion of nitrite to nitrate. The NOB community is tightly associated within aggregates or in a narrow zone (Schramm et al., 1998) with the AOB community where the oxidation of ammonia to nitrate is performed. This aggregated state of nitrifiers is enclosed within a calyx whose origins or properties are poorly understood at this time. It is within this aggregate that other nutrients and macromolecules are exchanged in the mutualism exhibited between NOB and AOB. Herein we document a dominant Nitrobacter community that is fairly diverse and evenly distributed amongst the feedlot layers. Seasonal influences though weak appear to have the strongest influence in this community. PCA-DA appeared to best describe the influences of the feedlot layers on the NOB community structure. It seems that both AOB and NOB communities are present in all the feedlot pen surface layers for nitrification of ammonia to occur.
Fungal community structure was also influenced by feedlot layer with soil and loose + dry-pack forming two significant clusters. As was expected, the influence of the anoxic effect of the wet-pack layer is most pronounced on the fungal community. There is a marked reduction in both fungal diversity and evenness. Some heterotrophic fungi can also oxidize ammonia (Focht and Verstraete, 1977) and / or reduce nitrogen from organic compounds to hydroxylamine, nitrite, and nitrate. Thus, members of this microbial community are quite capable of playing a role in the cycling of N in the feedlot layers. The restricting factor on this community would appear to be microbial competition and the low availability of oxygen or well aerated microsites within the wet-pack layer.
Conclusion
To our knowledge, this is the first study to document the influence of the various feedlot pen surface layers on microbial community structure and diversity. In this study we provide a description of a complex microbial ecosystem that is clearly influenced by the distinct physical and chemical effects of the various feedlot pen surface layers. The agroecosystem described here is markedly different from a cow manurepasture ecosystem and has important implications for the cycling of N in the environment. Use of functional PCR assays (gene targets directly involved in the cycling of N) and DNA sequence analysis of isolated clones of members of these distinct microbial communities will allow us to refine our estimate of the impact that these large scale feedyards impose on the microbial community and the environment. In this way a feedlot microbiome (total feedlot microbial community) can be established and related to the cycling of N within the environment. 
